Abstract Suspended sediments are a natural component of aquatic ecosystems, but when present in high concentrations they can become a threat to aquatic life and can carry large amounts of pollutants. Suspended sediment concentration (SSC) is therefore an important abiotic variable used to quantify water quality and habitat availability for some species of fish and invertebrates. This study is an attempt to quantify and predict annual extreme events of SSC using frequency analysis methods. Time series of daily suspended sediment concentrations in 208 rivers in North America were analysed to provide a large-scale frequency analysis study of annual maximum concentrations. Seasonality and the correlation of discharges and annual peak of suspended sediment concentration were also analysed. Peak concentrations usually occur in spring and summer. A significant correlation between extreme SSC and associated discharge was detected only in half of the stations. Probability distributions were fitted to station data recorded at the stations to estimate the return period for a specific concentration, or the concentration for a given return period. Selection criteria such as the Akaike and Bayesian information criterion were used to select the best statistical distribution in each case. For each selected distribution, the most appropriate parameter estimation method was used. The most commonly used distributions were exponential, lognormal, Weibull and Gamma. These four distributions were used for 90% of stations.
INTRODUCTION
Sediments in rivers are considered to be the most widespread pollutant in North America by the US Environmental Protection Agency (Gray & Glysson, 2002) . Physical and chemical alterations to rivers and biological damages caused by sediments in North America were estimated to cost approximately US$16 billion per year (Gray & Glysson, 2002) . Suspended sediments are composed of inorganic materials such as sand, clay and silt and also organic material such as algae, small aquatic animals, and non living material from aquatic organisms and terrestrial sources (Waters, 1995; Whiles & Dodds, 2002) . Suspended sediments can account for 70 to 99% of the quantity of sediments transported by streams (Knighton, 1998; Babiński, 2005) ; the remainder is transported by saltation or intra-sediment movement. Transportation of sediments in streams is a complex phenomenon that varies from one region to another, depending on the type of soils, geomorphologic processes and seasons. The total amount of sediments carried by a stream during a year is usually transported during 10% or less of the days in one or several extreme events (Ashmore & Day, 1988) . Meybeck et al. (1999 Meybeck et al. ( , 2003 have shown that the temporal variability of suspended sediment transport decreases with the size of the watershed. Semi-arid watersheds show the greatest variability in sediment transport; the scarce rainfall events can cause very high concentrations of sediments in a short amount of time (Coppus & Imeson, 2002; Griffith et al., 2005) .
Even if they are a natural component of aquatic ecosystems, high suspended sediment concentrations (SSC) can be a threat to aquatic life and may impair water quality by carrying a large amount of pollutants which may lead to greater drinking water purification costs (Meybeck et al., 2003; Dodds & Whiles, 2004; Walling, 2005) . Suspended organic particles are the major source of nutrition for many aquatic organisms, particularly filter-feeding macro invertebrates and some fish (Whiles & Dodds, 2002) . High fluvial sediment concentration has several direct effects on aquatic habitats. Fine-grained sediment transport in rivers is associated with contaminant transport, since sediments are the main vector of pollutants carried by rivers (Ashmore et al., 2000) . Chemical substances such as nitrogen, hydrocarbons, heavy metals or pesticides bind with suspended solids and are carried along with the flow. Thus, high concentrations of sediments possibly carry high amounts of elements that are toxic for several species. High concentrations of suspended sediments affect the biota by reducing the density, productivity and abundance of primary producers and macro-invertebrates (Wood & Armitage, 1997) . Negative impacts on fish include smothering of eggs, interfering with respiration, limiting visibility for sight feeders, and loss of habitat and prey communities (Newcombe & Jensen, 1996; Wood & Armitage, 1997) . Suspended solids also absorb the heat from sunlight and high concentrations may cause water temperature rise. Altogether this leads to a decrease in the survival rate of fish adults and embryos (Dodds & Whiles, 2004) . Concentrations above 80 mg/L start to affect some fish populations, and concentrations above 200 mg/L are assumed to be harmful to most North American fish (Waters, 1995) .
Thus, it can be seen that SSC is an important abiotic variable to quantify water quality and habitat availability. To our knowledge, this study is a first attempt to quantify and predict high SSC using frequency analysis methods that are often applied to flood prediction. Quantifying fish habitat availability in rivers requires data for a number of abiotic variables, including suspended sediment concentrations (St-Hilaire et al., 2005; Newcombe & Jansen, 1996; Wood & Armitage, 1997) . In this first approach, annual SSC maxima are considered. Using frequency analysis, it is possible to quantify these extreme concentrations and estimate the associated return periods. To achieve this, the specific objectives of this study were: (a) to collate SSC time series from stations in Canada and the USA that cover a range of drainage basins which is representative of the different river systems in the continent; (b) to characterise the annual maximal SSC in terms of regional patterns, seasonality and relationship with flow; and (c) to perform local frequency analysis on the selected time series.
The remainder of the paper is broken down as follows: Section 2 provides the methodology used for local frequency analysis; Section 3 presents the study area and the data; Section 4 provides the results of local frequency analysis, the statistical distributions selected and some examples of estimated quantiles and return periods. Finally, the results are discussed in Section 5 and conclusions are drawn.
METHODOLOGY

Frequency analysis
Frequency analysis is a statistical approach commonly used in hydrology to relate the magnitude of extreme events (e.g. floods or low flows) to a probability of occurrence. The theory and application of frequency analysis is well known and described in detail in many textbooks (e.g. Rao & Hamed, 2001) . A brief summary is provided in this section. The main objective of frequency analysis is to infer the probability of exceedence of all possible events, in this case suspended sediment concentrations, from observed values (a sample of the parent population). This can be done by fitting to the observed data (in this case, a homogenous, stationary time series of independent annual maxima) a statistical model that represents the relationship between the magnitude of the event and the exceedence probability. The parameters of the model (i.e. the parameters of the probability distribution) are estimated from the sample. Using the fitted probability distribution, it is possible to predict the probability of exceedence for a specified magnitude (i.e. quantile) or the magnitude associated with a specific exceedence probability.
Frequency analysis includes the following steps: (i) verification of hypotheses (homogeneity, stationarity and independence) and detection of outliers; (ii) fitting of statistical distributions and parameter estimation; (iii) selection of the best distribution to represent the data; and (iv) calculation of quantiles for different return periods.
Hypotheses and requirements
Time series used for frequency analysis must comply with the hypothesis of homogeneity, stationarity and randomness (Bobée & Ashkar, 1991; Rao & Hamed, 2001) . To verify these hypotheses three non parametric tests were used since the distribution of the data is unknown, but assumed non-normal, as it is most frequently the case for extreme values (Helsel & Hirsch, 2002) . The tests used were the Wilcoxon test for homogeneity (Wilcoxon, 1945) , the Wald-Wolfowitz test for randomness (Wald & Wolfowitz, 1943) and the Kendall test for stationarity (Mann, 1945) . The Grubbs-Beck test (Grubbs & Beck, 1972) was also used to detect potential outliers.
Fitting of distributions and estimation methods
The first step to fit a probability distribution is to calculate an empirical probability of exceedence using sorted observations. Several formulas exist to calculate this probability. In this study, the Cunnane (1978) formula was used. Of the many statistical distributions used for extremes, 16 functions that are commonly used in hydrology were retained (Table 1) . Depending on the distribution, several methods exist to fit a probability distribution to a sample and estimate its parameters. For most distributions, the maximum likelihood method is an excellent option for parameter estimation. For the Gumbel and generalized Pareto distributions, the method of moments is more efficient (Ashkar & Ouarda, 1996) . Specific fitting methods have also been developed for certain distributions such as the log-Pearson type 3 and Gamma family of distributions (Bobée & Ashkar, 1991) .
Adequacy testing
There are different methods to compare and select the distribution that best fits a given sample. It is possible to visually examine the quality of the fit between the empirical probability of exceedence and a distribution, both plotted on probability paper. However, this method is based only on the judgement of the hydrologist and can be somewhat subjective. The χ 2 and ShapiroWilk (for the normal distribution) tests can be used to verify the hypothesis concerning the parent distribution of the sample. The χ 2 test has the disadvantage of being considered not very powerful, i.e. the probability that the test will not reject a distribution that does not represent the sample adequately is relatively small. However, if the test fails for a certain distribution, it is almost certain that this distribution does not fit the data adequately. Two selection criteria were used, both based on the likelihood function: the Akaike (1974) and the Bayesian (Schwartz, 1978) information criteria, respectively given in equations (1) and (2): 
where AIC is the Akaike information criterion, BIC is the Bayesian information criterion, L is the likelihood function, k is the number of parameters and N is the sample size.
Equations (1) and (2) both include k, the number of parameters. Thus, parsimony is taken into account when selecting the best distribution using these two criteria. The best fit is the one associated with the smallest BIC and AIC values (Rao & Hamed, 2001 ). The BIC criterion tends to penalize three parameter distributions more severely than the AIC and sometimes the optimal fitted distribution differs from one criterion to another. In the case of different selections by the AIC and BIC criterion, the distribution identified by the BIC criterion was selected to emphasize parsimony.
STUDY AREA AND EXTRACTION OF ANNUAL MAXIMUM OF SSC
North American data sets
Data used in this study are taken from stations located on rivers in Canada and in the USA. In Canada, the databases were provided by Environment Canada (HYDAT Database Version 2.04). In the USA, the data were provided by US Geological Survey sediment database (http://co.water.usgs.gov/sediment). The main criterion to select the stations was record length. Stations with 10 years or more of both daily suspended sediment concentration and flow were included. Within this selected subset, numerous stations were lacking data for several months. Only the years with a maximum of 60 missing days were kept, if these missing days excluded the season during which the maximum of SSC usually occurs. For several stations located in Canada or in northern USA, there are often fewer hydrometric data of good quality during winter months, when rivers are covered with ice (December-March). For these stations experiencing a cold winter season with ice cover and low flow, the data were kept even if all winter month were lacking, based on the hypothesis that the likelihood of an extreme SSC event occurring this period is very small. This concerns stations located in Manitoba, Alberta and Saskatchewan for Canada; and Wyoming, Idaho, Nebraska, Minnesota, Iowa and Wisconsin for the USA.
Using these selection criteria, a database was constructed that contained 68 stations in Canada and 140 in the USA (208 in total). Figure 1 displays the geographic distribution of the stations and the major watersheds in North America. The selected rivers provide a relatively good geographical coverage and represent different climate and landscape regions. There are a few regions where no stations corresponding to the selection criteria were found: the northwestern and the southeastern parts of the USA as well as northern Ontario and the province of Quebec are not represented in the final database.
Within the selected subset, the minimum length of record is 10 years (for 25 stations) and the maximum is 40 years for the Mississippi river at Saint Louis (Missouri). Average record length is 17.5 years (Fig. 2) . Figure 3 shows the distribution of drainage area of the selected rivers. It can be seen that a large spectrum of river types and watershed sizes are represented, from 2.5 km 2 for the smallest drainage area to more than 500 000 km 2 for the Mississippi river. Half of the selected rivers have a drainage area smaller than 10 000 km 2 .
Extraction of annual maximum and screening for outliers
Annual maximum values of SSC were extracted from daily time series. Canadian and US data sets were already screened for the detection of outliers, but working with extreme events requires caution about the input data. The Grubbs-Beck test (Grubbs & Beck, 1972) was applied on series of log-transformed annual maximum suspended sediment concentrations for all the stations. This test highlights the events with a small probability of occurrence, under the hypothesis that the 100 -1000 1000 -10 000 10 000 -100 000 100 000 -500 000 > 500 000
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logarithm of the sample is normally distributed (Bobée & Ashkar, 1991) . The test identified 23 potential outliers of annual maximum SSC. Only one annual maximum was considered as a true outlier and the value was removed (a value of 7 000 000 mg/L for Cheyenne River, South Dakota). For the remaining 22 annual maximum SSC identified by the Grubbs-Beck test, the annual maximum was compared with other years and also with the corresponding flow data. There is no evidence of unrealistic concentrations: in most cases, SSC with a similar order of magnitude was measured during other years for the same station and the suspected values were associated with a very high flow event, which made it credible. As expected, the values of annual maximum SSC show great variability from one river to another, from 51 mg/L recorded on 27 September 1977 in Narrow Mountain Brook, New Brunswick, to 780 000 mg/L recorded on 9 August 1968 in Paria River, Arizona. The greatest annual maximum SSC are found on the edges of the Great Plains, in particular in the basins of the Colorado and the Rio Grande rivers. The lowest annual maximum SSC are found in the Canadian Maritime Provinces and in northeastern USA. The spatial distribution of annual maximum concentrations is very similar to that of mean suspended sediment concentration as shown by Dodds & Whiles (2004) . There is also great variability in SSC from year to year in the same river. A coefficient of variation was computed for annual series of maximum SCC for each station. The mean value for all stations is 0.63 (median is 0.53). In most cases, rivers with high annual maximum concentration of SSC have a high coefficient of variation.
RESULTS
Stationarity, independence and homogeneity tests
All time series of annual maximum SSC were tested for stationarity (Kendall test), independence (Wald-Wolfowitz test) and homogeneity (Wilcoxon test) , as a prerequisite for frequency analysis. Table 2 shows the number of stations that failed these tests at significance levels of 5% and 1%. Stations that failed one or several tests at the 1% level were eliminated for frequency analysis (29 stations in total). There are 179 stations passing these tests at the 1% level. Fifty-one stations failed the Kendall test at the 5% level and twenty-six at the 1% level, showing a possible trend in some series of annual maximum of SSC (Fig. 4) . In all cases it is a decreasing trend except for Deerlick River in Alberta and Pearl River in Louisiana. These 51 stations include all the stations with the Fig. 4 The 51 Stations with a trend in annual maximum SSC at 1%, 5% and 10% level.
longest time series, i.e. with over 30 years of data. The average length of series that exhibit a trend is 22 years. They also include the largest river basins of the study area such as Rio Grande, Sacramento, Colorado, Green River, Red River, and Mississippi. Numerous stations with a very small drainage area also exhibit a trend, for example Deerlick Creek in Alberta (9 km 2 ) and Third Creek in North Carolina (12 km 2 ).
Seasonality of annual maximum SSC
The time and the season of the year when annual maximum occur for all 179 stations remaining were investigated. Figure 5 shows the frequency per month of annual maximum SSC for all stations. In North America, the annual maximum SSC occurs more often in spring, during the months of April, May and June. Peaks of SSC in spring are usually associated with snowmelt but could also be produced by rainfall events on soils not yet protected with a fully grown vegetation cover (Lecce et al., 2006) . High concentrations in summer months are generally caused by thunderstorms inducing high rainfall intensity (Steegen et al., 2000; Lecce et al., 2006) . Figure 6 shows, for each station, the season of the year when most annual SSC maxima are recorded. Figure 6 is based on histograms computed for each station; the mode of the histogram was extracted and used as a basis of comparison between stations. In Canada, all annual maximum SSC values occur in spring and summer, except for two stations in the Maritime Provinces. Most stations in the Canadian prairies are characterized by annual maximum occurring in the summer or late spring. Besides the main seasonal trends described above, in the USA annual maximum also occur during the fall and winter seasons, especially for rivers located in California where most maximum occur during the winter. In this region of Mediterranean climate, water and sediment discharge patterns are driven by episodic winter rainfall events (Warrick et al., 2004) . When visually assessing the time series of annual SSC, some stations appeared to exhibit a bimodal behaviour, with annual maximum occurring in spring and also in fall. These stations are usually located in Canada and in northern USA. Since homogeneity of the data is a requirement for frequency analysis (Rao & Hamed, 2001 ) the Wilcoxon test (Wilcoxon, 1945) was used on a seasonal basis to find out if all annual SSC maximum for a given station come from the same population. In spite of some of the variations shown in Figs 5 and 6 , the hypothesis of a homogenous population was found to be acceptable for all stations at both 5% and 1% significance levels.
Correlation of annual maximum SSC with flow
Estimation of SSC or calculation of loads is often done with rating curves that establish the relationship between concentration and discharge (Asselman, 2000; Horowitz, 2003) . Several methods exist for developing sediment rating curves. The most common is the use of a power function (regression) that relates SSC to water discharge. Since the relationship between the annual extremes of SSC with flow is of interest, it was investigated for all available stations (208).
For 151 stations (85%), the annual maximum SSC occurs in the same season as the maximum flow. For 49 stations it occurs during the same month. The geographic repartition of the timing of annual peak flows for the selected stations is very similar to Fig. 6 , which shows the most frequent season of occurrence of extreme SSC. In most cases for which a difference was found, the annual maximum SSC occurs at the end of spring (June) and the maximum annual flow at the beginning of summer (July). The correlations between each annual maximum of SSC and daily flows for a period covering 5 days before and 5 days after the occurrence of maximum SSC were examined. The plot of the relationship between the annual maximum SSC events and the corresponding maximum flows usually shows a somewhat linear relationship, but in some cases a lot of scatter exists. Figure 7 is an example of two plots. Dry Creek, California (left) exhibits a good relationship between flow and maximum SSC, whereas Big Creek, Illinois (right) does not. A Kendall τ rank correlation coefficient was computed between SSC annual maximum time series for each station and flow. This coefficient is more appropriate than the Pearson coefficient because it is based on rank and therefore less sensitive to outliers (Helsel & Hirsch, 2002) . There are significant correlations between annual maximum SSC and flow for 92 stations at the significance level of 5% and 119 stations at the 10% level. For stations with a significant correlation, τ varies from 0.3 to 0.85. The mean value of τ is 0.56. Most of these significant correlations are found for stations located in California and along the Rio Grande. However, there are a few rivers in the Rio Grande basin that do not exhibit such strong correlation or no significant correlation at all. This could be explained by the high degree of regulation by dams and reservoirs in Rio Grande basin, where high SSC could be more related to water releases from dams than to natural flow conditions. For the rest of the continent, the repartition of station with a significant correlation does not exhibit any specific spatial pattern. Figure 8 shows box plots of correlation coefficients for different lead and lag periods between annual SSC maximum and discharge, from 5 days before the SSC event to 5 days after. Correlation is greater between annual maximum SSC and discharge occurring after the SSC event (median τ > 0.5 for correlation with maximum discharge lagging the annual peak of SSC, median τ < 0.5 for correlation with discharge leading). The average period between the SSC event and a peak of discharge (lag or lead) is 0.7 days. It can be seen that in most cases for annual maximum SSC, there is a clockwise hysteretic effect with high concentration of suspended sediments preceding a high discharge event. There are no particular geographic patterns for the stations that have a lead or a lag. Most large basins have a longer delay between peak SSC and the corresponding flow, with lag values from 3 to 5 days but there is no significant correlation of the lag with the size of drainage area.
Best fitted probability distributions
The HYFRAN software (http://www.ete.inrs.ca/activites/groupes/chaire_hydrol/hyfran.html) combined with codes of the FRESH software (Ouarda et al., 2003) , were used to fit the statistical distributions. As stated earlier, the 16 distributions of Table 1 were fitted to each sample of maximum annual SSC for the stations that met the requirements for frequency analysis. Figure 9 shows the distributions that were selected as the best fit to the 179 series using AIC and BIC as well as graphical validation. The log-normal distribution was selected for 52 stations, the exponential distributions for 41 stations, the Weibull for 29 stations and the Gamma for 24 stations. The remaining 36 stations were best fitted by one of the following six distributions: log-Pearson type 3, GEV, normal, Gumbel, Leaks, generalized Pareto and lognormal with three parameters. Figure 10 shows two examples of distribution fit; the exponential model for Turtle River in Manitoba (Canada) and the lognormal model for Beaverhead River in Montana (USA). When considering the four lowest scores on AIC and BIC criteria, 24 of the 36 stations can actually be fitted by one of the four most popular distributions. Only 12 stations did not include the four most popular distributions. The χ 2 test was implemented for these 12 stations to analyse the possibility to fit either the exponential, lognormal, Weibull or Gamma distributions. In all cases, one or several of the four distributions tested could fit the data series at the 5%, and some at the 1% significance level. Figure 11 shows the locations of the best fitted distributions. There is no geographical area where a particular distribution is predominant. There is no particular spatial pattern in the selected distributions. Some rivers that are very close geographically can have annual maximum SSC fitted with different probability distributions. There are even cases where several gauging stations located in the same river system were fitted with different distributions, e.g. Fraser River in British Columbia (lognormal, Gumbel, Weibull) and Rio Grande in New Mexico (Weibull, Gamma, exponential). We found no significant relationship between the selected distributions and the size of the drainage area or the length of the data series.
With series of annual maximum of SSC modelled by a probability distribution, it becomes possible to extract additional information on extremes. First, it is possible to calculate the annual maximum SSC for different return periods such as 2, 5, 10, 20 or 50 years. However, the right tail of the distribution is the one with the largest confidence interval meaning that extrapolating for high return periods is less accurate. Another type of information that could be computed is the return period for specific values of concentrations, for example lethal or stressful values of Figure 12 shows a map of quantiles corresponding to T = 2-year return period. Although Fig. 12 shows some important spatial variability in quantiles, it can be seen that the Maritimes Region of Canada is characterized by SSC < 500 mg/L for a 2-year return period and that the highest SSC quantiles are found in the Rio Grande and Colorado basins. Figure 13 shows a map of the return period for a concentration of 1000 mg/L. This threshold can be lethal for certain species of fish such as juvenile coho salmon (Oncorhynchus kisutch) found in the western part of the continent (Waters, 1995) , and larval striped bass (Morone saxatilis) found in the eastern part of the continent (Auld & Schubel, 1978) . In Fig. 13 , there is a return period greater than 100 years for the Rio Grande station below Cochiti Dam (station no. 8317400 in New Mexico). Compared to other stations of the same region, this station exhibits very low mean SSC (25.7 mg/L) as well as small loads (average of 50 000 t/year, US Geological Survey data averaged on the period [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] . This is a good illustration of the effect of dams on mean sediment delivery and extremes as this station is located immediately downstream of Cochiti Dam, one of the ten largest earth fill reservoirs of the USA. Studies have shown that Cochiti Dam traps an estimated 80% of sediment inflow (Ortiz & Meyer, 2002) . As a comparison, the Rio Grande station located upstream of Cochiti dam (Rio Grande at Otowi Bridge, no. 8313000) has a return period of one year for the same SSC (1000 mg/L). This station exhibits a mean concentration of SSC of 1180 mg/L and carries 2 000 000 t of sediments per year (USGS data averaged on the period 1956-1996).
DISCUSSION AND CONCLUSIONS
Frequency analysis of maximum annual SSC provides a useful tool to extrapolate values of concentration for different return periods, depending on the information required. To our knowledge, this is the first attempt to use such a probabilistic approach on extreme concentrations of suspended sediments at a sub-continent scale. By fitting statistical distributions to series of annual maximum of sediment concentration it is possible to calculate return periods and quantiles for 179 rivers in North America, reflecting a wide variety of sizes, climates and ecosystems. Annual maximum SSC were modelled using different probability distributions. The lowest scores of AIC and BIC were found for four two-parameter distributions that could fit 80% of the data series. The lognormal and exponential distributions are the most adequate for half of the stations (90). The Weibull and Gamma models follow with respectively 29 and 21 stations. These four distributions all belong to the Gumbel family of extreme values distributions. The exponential distribution is a special case of the Weibull or Gamma distributions, with a shape character equal to 1. The remaining 20% of annual maximum SSC series were best fitted using seven other distributions including the GEV and log-Pearson type 3 (three parameters) and two-parameter distributions like the normal or Gumbel. If distributions with the four lowest AIC and BIC values are considered, the exponential, lognormal, Weibull and Gamma distributions can model 90% of the stations. These selected distributions do not exhibit any geographic pattern. In some cases, SSC series from neighbouring river basins are not fitted with the same statistical distributions. Even series from the same river system were sometimes fitted with different distributions. This shows the site-specificity of extreme SSC occurrence and magnitude. This feature of sediment transport was described in previous studies. Lecce et al. (2006) suggested that concentrations may be difficult to predict because of local factors associated with vegetation, Asselman (2000) showed high spatial differences in the relationship between discharge and SSC for different locations in the Rhine River. There is no apparent link between selected distributions with drainage area or length of time series. At this point it is hypothesized that the characteristics, such as land cover vegetation and soil type of each watershed or even the physiographic conditions in a relatively small portion of the basin in the vicinity of the station (Jarvie et al., 2002; Siakeu et al., 2004) may explain the lack of spatial consistency in selected distributions. There is a statistically significant correlation between flow and annual maximum sediment concentrations for only half of the stations. For the stations with a significant correlation, the greater correlation is with the discharge peak occurring after SSC annual maximum. Different types of hysteresis occur, some clockwise and others anticlockwise. Usually, clockwise hysteresis indicates that the stream channel itself represents a significant source of SSC coming from stored material deposited after prior events and/or base flow while counter-clockwise loops suggests that sediment is delivered by hillslope processes or distant sources (Wood, 1977; Meade et al., 1990; Lecce et al., 2006) . However, other explanations have been proposed: the length and duration of events (Wood, 1977) or the supply of sediment from distant hillslope sources (Steegen et al., 2000) . In small basins, peak concentration is more likely to lead peak discharge (Knighton, 1998) and the lead period is usually short (Banasik et al., 2005) . In large basins the lag between peak flow and SSC can be larger due to location of sediment sources within the watershed. Sediment transport is mainly associated with discharge, but also with sediment availability. This means that in some cases, large amounts of sediment are available and can be transported by flows that are above average, but not extreme. For example, in arid environments such as deserts, storms during summer and fall can occur when there are large quantities of fine materials on the hill slopes (Coppus & Imeson, 2002) . The wash load of the slopes associated with the remobilisation of deposits within the stream could lead to great concentrations of suspended sediments (Knighton, 1998 ). An illustration can be found in the arid Rio Grande region; many rivers within that region exhibit strong correlation between annual maximum SSC and high discharge events while some stations have no significant correlation. In addition to natural fluctuations of sediment concentrations linked with flow, rare events such as volcanic eruptions and a number of anthropogenic activities such as road building, logging, or mining may produce large amounts of fine sediments that have the potential to disturb the sediment regime and increase SSC in a water body.
Annual maximum concentrations of suspended sediment exhibit a trend in 51 stations at the 5% significance level. A more thorough investigation of the causes of these trends for the selected rivers would require an analysis of the physical characteristics of the watersheds which is beyond the scope of this initial study. Benedetti (2002) has shown a similar decreasing trend in peak SSC values in the Mississippi River. According to his study, the most likely causes for the observed trends are agricultural land management practices aimed at reducing soil erosion and the construction of dams and reservoirs. Walling & Fang (2003) also linked the decreasing trends of SSC and load in the Mississippi and Colorado rivers with the construction of reservoirs.
Studies of water quality to establish habitat availability for several aquatic species have shown that the duration of high suspended sediment concentration events is as important as the concentration itself. Newcombe & Jensen (1996) stated that concentration alone can be insufficient as an indicator of suspended sediment effects. In order to eventually incorporate sediment in aquatic habitat suitability models, one way of combining concentration and duration could be to use a peak-over-threshold (POT) approach. Using this approach, it is possible to model the events above a certain threshold of concentration as well as duration of these events. However, the POT approach requires the selection of the threshold and the development of criteria to retain peak values since independence of the data is a prerequisite of frequency analysis (Lang et al., 1999) . In the case of SSC, even relatively low thresholds that are exceeded for a long time will have an impact on habitat (e.g. St-Hilaire et al., 2006; Ouellette et al., 2006) . Sub-lethal impacts of sediments on fish populations can appear at low concentration levels if there is a long duration of exposure (Waters, 1995) .
This study is the first prerequisite step to perform a regional analysis, which would aim to estimate SSC quantiles and return periods of extreme concentration for ungauged rivers. Using quantiles of concentration or loads at gauged sites, coupled with a database on the watershed characteristics such as land use, soil types and topography, it could be possible to adapt methods developed for regionalisation of floods (e.g. GREHYS, 1996) . This approach could be used to model several aspects of extreme transportation of sediments on ungauged rivers, including concentration and loads. But regionalization of SSC extremes is probably a greater challenge than for other hydrometric variables (flood or low flows) because of its site specificity.
